The regional research on land use/land cover change (LUCC) can provide the scientific basis for the optimization utilization of land resources and regional sustainable development. The origin-stream zone of Tarim River is a special arid zone for its water resource is abundant relatively in south Xinjiang Autonomy Region. Along with the construction of petroleum exploit base and the speedy urbanization, population and the demand of water usage in the zone have been increased rapidly in the decade. Based on Integrated Methodology of GIS and Statistic data, a series of models had been adopted to analyze the changes (from 1994 to 2005) of population, land use patterns and water resource. This research aims to study the interactions between population growth and changes in water and land resources in Original-stream Zone of Tarim River over the past 10 years. We take the watershed of Akesu River, which is the main Original-Stream of Tarim River, as our study area and it includes five counties in Akesu prefecture. The time series data on population changes and economic development, water volume and quality, land use and land cover changes are collected to study the relationship between these factors in this zone. Adopting a statistical analysis and systems dynamics approach, we quantify the effect of population growth on water use and land degradation.
Introduction
Land Use/Land Cover Change (LUCC) can convert the earth surface cover, which will deeply influence geochemical cycle, environmental quality, biodiversity of earth, as well as productivity and adaptability of terrestrial system [1] .LUCC has been designated as a core field of study by the International Geosphere-Biosphere Programme (IGBP) and the International Human Dimensions Programme on Global Environmental Change (IHDP), and has therefore received great attention from scholars worldwide. LUCC is driven by the interaction in space and time between human dimensions and biophysical. The potential large impact of LUCC on the physical and social environment has stimulated research in the understanding of land use change and its main causes and effects. Since LUCC is closely related to human-nature interactions, it actually embodies the dynamic relations between human activities and the physical environment. The goal of the LUCC Plan, set by IGBP and IHDP, is two fold: first, to gain a clear understanding of the current state and the process of LUCC at various scales-local, regional and global; second, to understand the underlying forces -both natural and human -that drive the changes [2] .
In recent years, study of LUCC has made significant progress. A variety of methods and new techniques have been developed and applied to analyze LUCC, including use of remote sensing, GIS, and statistical methods [3] . Most of the existing studies focus on monitoring of quantitative changes in land use/land cover patterns. Some studies began to pay attention to land quality changes and the resultant environmental/ecological consequences [1, 4] . Because land quality change often reflects the environmental effects caused by human activities in the form of land uses, the study of LUCC can actually help local communities make right decisions as to avoid the land uses that have negative environmental/ecological impacts, and to choose sustainable land uses [5] . This is especially important for the study of modern geographical process and regional sustainable development. Through the attempts to document land cover changes since 1994 using two sets of multispectral thematic mapper (TM) images (1994 and 2005) to track the land-use, this study is to detect changes in land-use and to analyze its demographic factors in main original-stream watershed of Tarim River. For the land use change was the result of physical and anthropogenic factors,the first objective of this study is to understand explicitly the role of population dynamics in the interactions between population, water, and land resources in arid areas. The remainder of the paper is organized as follows. In the next section, a brief introduction of the research region is presented .It's followed by introduces of the data resource and research methods. Statistical analysis and a systems dynamics approach are employed to understand quantitatively the relationship between three main factors and cropland area. In particular, the effect of population changes is analyzed. Conclusions are given in the final section.
Research Regional Setting
The water discharge of the Tarim River is mainly from its three tributaries, the Aksu, Yarkant, and Hotan Rivers, which converge at Xiaojiakou in Aler city and then flow to the east [6] . Statistics show that the Aksu River contributes about 70% of the water supply [7] and 73.2% of the water supply above the Aler station to the Tarim River [8] . The runoff change of Aksu River plays a decisive role in the formation, development and evolution of the mainstream of the Tarim River. So Aksu River is the main Original-stream of Tarim River. Its watershed is defined as the study area in this paper for its LUCC plays a important role to the ecosystem of middle and down-stream. The "Original-stream Watershed of Tarim River" (abbreviated as"OWTR") is the converging area of the Akesu River in southern slopes of the Tianshan Mountains in Xinjiang Autonomy Region. It is also an ecologically fragile and environmentally critical zone. The utilization of land and water resources has created much of the LUCC. Along with further development and utilization, great changes of landscape pattern and function have taken place. The OWTR lies in west Xinjiang, which is located between 39 o 15' to 41o45' north latitudes and 77 o 30' to 82 o 10' east longitudes.. It is in the terrain of gradual descent from north to south and from west to east with distinct geomorphological zoning, and the alluvial plain is at about 1,000-1,500 m above sea level. It covers five counties of Akesu Prefecture including Akesu, Awati, Keping, Wushi and Wensu with a total area of 5.993*10 4 km 2 , of which the area of plain region is 1.4 × 10 4 km 2 . The area includes three main geological and geographical features encompassing desert, oasis, and river landscape patterns and also including a mountainous area [9] . OWTR is located within the arid continental climatic zone. The mean temperature is 10 o C and the mean annual rainfall is 62 mm. The OWTR has a human population of more than 1.7 million and includes many ethnic groups. The development of the OWTR largely depends on agriculture, and the important productions are grain and cotton. The study of LUCC and its demographic factors in OWTR, the typical area and special area, will be useful both to protect biodiversity, natural environment and appropriate regional land use and sustainable development of entire Tarim basin. 
Data and Research Methods

Data Sources
This study is based on two kinds of data that are historical documents (antiquity maps and texts) and remote sensing. Landsat TM data were collected between June 1994, May 2000 and September 2005, at a 30*30m spatial resolution, and were processed in order to reveal the LUCC features [10] . The data geometrical corrections, classification and accuracy assessment were carried out with the support of the digital image processing software PCI. Topographical maps (1:100 000) were used as the reference for the geometric corrections. According to the geographical names, the maps were re-drawn on the digitized topographical map base using ARC/INFO GIS 9.01 software to complete editing, labeling, projection, transformation, edge matching and overlaying processes.
Land Use Classification and Index
The land use of the research area was classified into nine types: cropland (irrigated land, unirrigated farmland), forestland, grassland, water covered area, construction land, saline, desert, and bare land. The landscape index method was implemented to analyze the land use pattern Table. 1 .
Statistical analysis was facilitated by principal component analysis (PCA). PCA can describe the relationship between the LUCC and its influencing factors, in which the cropland area and the water resource changing are the main elementary. It was analyzed through SPSS 10.0. 
Results and Discussion
The change of land use
The change ratio of land use types
From 1994 to 2000 to 2005, there was a rapid growth both in construction land, forestry land, grassland and cropland in OWTR. Among those land use types, construction land, and cropland increase faster than that of others. There was little growth in water. On the other hand, the bare land had reduced largely (Fig.2) . There was little change on land use structure both in OWTR. The net increase of cultivated area in the OWTR from 1994 to 2000 is 855.112 km 2 , and the proportion of cropland (including irrigated land and unirrigated farmland) increased from 8.6% in 1994 to 10.9% in 2000, and 12.7% in 2005. The primary increment was in irrigated land with increasing amplitude of up to 15.3%. Unirrigated farmland decreased by about 21% more in 2005 than in 1994. In the meantime, the construction land has enlarged by 27.1% with the society and economy development and the acceleration of urbanization, which reflected that human intervention and its influence on the ecological environment became more and more significant in scope and intensity [11] . The area of forestry land reached 6573 km 2 in 2005, increased 12.5% than in 1994. The achievements may be attributed to the local government, which has taken effective measures to protect forest resources and has advocated forestation. New forestry lands were mainly developed from transformed nature grassland, uncovered rock gravel, saline-alkali soil, sand, tidal flat, etc. The area occupied by water in the OWTR has increased by more than 9% in 11 years (1994-2005) and 0.82%, respectively, on average each year. The area of natural grassland, saline as well as bare land were all decreasing, at the average rates of 0.52, 0.23 and 0.31% per year, respectively. From the above analysis, it is obviously that human interference is the chief contributor to the land use change in the OWTR. 
The landscape index changes
The land use diversity and single land use dynamic degree can be discovered through the analysis of landscape index values change. The number of landscape patches within the 5.9934 million ha research area increased from 3823 in 1994 to 4576 in 2000 and to 5281 in 2005, while mean patch size decreased from 15.67km 2 to 13.09 km 2 and to 11.35km 2 . Grassland comprised the largest area and accounted for over half the total landscape area. The GIS data and TM images show notable changes in landscape. Landscape patches such as cropland, construction land, and saline increased rapidly in contrast to reductions of grassland, forestry land and water area. The fractal dimension and landscape dominance increased while landscape diversity and evenness declined. These changes indicate that the minor landscape types are in control of the landscape and that disturbances from humans continuously increased [9] .
During the research period, the area of desert increased by 25,000 ha, and the number of landscape patches increased from 102 to 196. Mean patch shape index and mean patch fractal dimension declined while the landscape isolation index and the landscape fragmentation index increased. The data thus confirm the occurrences of a steady increase in landscape disturbance. There are large areas of cropland, forest, and grassland in OWTR from 1909 to 2005. Although the area of cropland increased rapidly, there was little change in patches number Local farmers
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191 reclaimed bare land and destroyed grasslands so that the area of artificial oasis expanded sharply. The landscape isolation index and the landscape fragmentation index decreased because the area of cropland patches increased, which in turn caused patches merging. Meanwhile the grassland decreased due to their conversion to cropland. 
Influential Factors Analyses
Although both natural and socioeconomic factors influence landscape change, demographic factors predominate in the short run. This can be seen from changes in cropland when selected as the analyzed object.
Population growth
The interaction between population and land use was embodied in followed aspects .At first, with the population growth, arable land increases to meet food consumption. Secondly, the immigration population needs residential area and thus it is inevitable to take up arable land, grassland or forest land and other non-cultivate land. Finally, the impact of population on land use change will convert to accelerate the adequate, deep and intensive of land use in the future..However, during the research period, population was directly related to land use scale, especially to cropland within OWTR.
One of the major impacts of population on LUCC is the population density to the degree of land use. Moreover, different regions, due to different population, land use in different ways, there are significant differences in the degree of land use [12] . Population density and the population structure are the comprehensive reflection of the economy development, environmental capacity, land use status and it's the main demographic factor affecting the land use in OWTR. In research region, the cropland area increased 2745 km 2 over the 10 years, and population increased by 0.415 million and 53% of it is agriculture population. In this paper, the relationship between population density and arable land changes was analyzed to find out the spatial and temporal distribution changes of land resource. The total population density is 17. (Table 3) . This shows that population and cropland area increased in the same time, but the per capita cropland area decreased. The relationship between them can be described by the trend model:
. (1) Where y is the value of cropland area change, x is the population density and the value R = 0.1, F = 0.02. This model indicates that cropland area and population density is positively correlated (Fig. 3) .
Population density change(persons/10 2 ha) The proportion of to the total area(%) Fig. 3 . The relation between the ratio of change of cropland area and population density
Effect of Water Resource
The Aksu River is supplied mainly from snowmelt of glaciers [13] . The snowmelt and precipitation in the central Asian Tianshan Mountains are from May to September [14] . With the substantial development of regional society and economy as well as the scale extension in agricultural production, the consumption of water resources has increased continuously [9] . The OWTR area is a complex ecosystem and consists of an artificial irrigation system (irrigated land) and a natural ecological system (non-irrigated land). In order to maintain the stability of the oasis, a certain amount and level of water consumption is required [15] . Research showed that the oasis area of the OWTR covers 14,231 km 2 , the water consumption is 57.25 × 10 8 m 3 per year, and the consumed water per unit area is 458 mm, i.e., 686 mm for irrigated farmland and 416 mm for non-irrigated land [6] . The water consumption of irrigated land is the largest in the water consumption structure of the OWTR, up to 25.70 × 10 8 m 3 , while that of industrial production and people's living make up a small part of the total water consumption [13] . The population immigration and land use change degree was under the pressure of scarce water resource in OWTR during the study period [5] .
The name of Counties
The cropland area change(10 2 ha)
The proportion of to the total area(%) 
Economy and Science Technology Development
Land resources are the guarantee of economic growth. Meanwhile, the development of economy has a heavy influence on land use. Only when economy of a region has been developed to a certain degree can it invest to carry out projects which had improved the living conditions of the local people, therefore raising the agriculture product level and land use degrees [16] . Science technology is the another important factors for land use change, for it means improvement of land utilization tools to accelerated the speed of land development and introduction new agricultural breed to raise food production and decrease the growth of arable land. In this paper, economy and science technology development were presented by some demographic index such as gross domestic product, per capita gross domestic product, per capita net income of peasant's family, gross product in agriculture, total motive force of the agricultural machinery and so on[17].
Correlation by Principal Component Analysis
In this study, nine demographic factors and corresponding data which were provided by the Statistic Bureau of local government were selected for analyze the relationship between land use changes and them in OWTR. These were D1-per capita gross domestic product ;D2-total population; D3-agricultural population; D4-water resource used per year, D5-per capita net income of peasant's family; D6-gross product in agriculture; D7-Total gross domestic product; D8-crop planting; D9-the level of agricultural mechanization ( per capita agriculture machines); L--cropland area. The data in 1994-2005 were used for statistic analysis. Table 4 shows that the first two principal components are the main accumulative commonalities which contribute 95.52%. From Table 5 it can be seen that the matrices of principal component loadings, which are the correlation coefficient between a variable and the principal component. There are positive correlations among the first principal component (D1, D5, and D6), the second principal component (D4, D9) as well as the third principal component (D2, D3). These three factors can be classified as development of economy, progress of science and growth of population, respectively. The research area is typical of an agricultural economy, and the development of that economy as a primary industry. The conversion of grassland and bare land to cropland results in a sharp decrease in the area of artificial oasis. Human population which is comprised of total population and agricultural population, is important factor to land-use changes in OWTR for the impact of human activity intensity on water resource consumption, cropland area amount is significant. 
5.Conclusions
Human intervention has become the dominant contributor to the land changes in OWTR. The analysis result of LUCC in OWTR shows that the land use changes were notable from 1994 to 2005. Main facts show as follows: (1) The land use degree had been increased continuously, especially for forest-garden land, cultivated land and built land, and demand of water resource increased correspondingly. Demographic factors were more important to land use change of OWTR than natural factors to it during the study period. Population, science and economy are the main factors producing changes .The impact of human activity on LUCC in OWTR is becoming increasingly prevalent. Changes in land use have been rapid and dramatic. With further analysis, additional patterns of land use change could be summarized and described to provide a better foundation for sustainable construction, development and conservation of the fragile ecosystem of entire Tarim basin.
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